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DC POWER SUPPLY SYSTEM AND
METHOD

CROSS REFERENC.

L1

This application 1s based upon and claims priority to
Chinese Patent Application No. 201911045379.7, filed on
Oct. 30, 2019, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

The present disclosure relates to the field of power
clectronics technology, and in particular to a DC power
supply system and method.

BACKGROUND

The DC power supply 1s highly etlicient and reliable, and
thus has been increasingly used in power supply of data
center. As shown in FIG. 1, 1n a traditional DC power supply
scheme, at least two conventional power transformers 101
that convert an AC medium-voltage of 10 kV to an AC
low-voltage of 380V are adopted, and each AC low-voltage
bus on a secondary side of the transformer can be electrically
connected 1n parallel through a switch K1. Output terminals
of a conventional DC power supply system A 110 and a
conventional DC power supply system B 120 are respec-
tively electrically connected to two power conversion
devices 1n a load 103, that 1s, a first power conversion device
103 and a second power conversion device 104. The load
105 can be IT equipment (IT Load). In this way, when the
transformer 1s under repair or one of the power supply
systems fails, the parallel connection of the buses on the
low-voltage AC 380V side can ensure a redundant power
supply for the IT equipment downstream. However, the
traditional DC power supply scheme has the disadvantage of
being inetlicient.

FIG. 2 1s a schematic diagram showing a DC power
supply scheme using a phase shifting transformer that
known to the inventor. As shown in FIG. 2, there are two
medium-voltage direct-conversion DC power supply sys-
tems, and the output terminals of the medium-voltage direct-
conversion DC power supply system A 210 and the medium-
voltage direct-conversion DC power supply system B 220
are respectively electrically connected to the two power
conversion devices of the load 105. The AC medium voltage
of 10 kV 1s transformed into the AC low voltage of 380V or
2’70V via the phase shifting transformer 201 and 1s rectified
and regulated by a rectifier system 202, and a corresponding
DC output 1s obtained, which 1s used to supply power to the
downstream load 105. The DC power supply scheme using
a phase shifting transformer i1s approximately 2% more
eilicient than the traditional DC power supply scheme.

However, there are a plurality of windings on the low-
voltage AC side of the phase shifting transformer, and thus
the parallel connection of the buses on the low-voltage AC
side, which 1s employed in the traditional DC power supply
scheme, cannot be used. As such, 1n the DC power supply
scheme including the phase shifting transformer, when the
transformer 1s under repair or one of the 10 kV sources fails,
the power supply to the downstream IT equipment will lack
of redundancy, and some IT equipment will be at risk of
downtime.

It should be noted that the information disclosed in the
Background above 1s only for enhancement of understand-
ing of the background of the present disclosure, and thus
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may 1nclude information that does not constitute prior art
known to those of ordinary skill 1n the art.

SUMMARY

The present disclosure provides a DC power supply
system and method.

According to an aspect of the present disclosure, there 1s
provided a DC power supply system, including: a first power
supply circuit and a second power supply circuit, at least one
of the first power supply circuit and the second power supply
circuit including a phase shifting transformer; the first power
supply circuit includes a number N of first AC/DC conver-
sion circuits, and the second power supply circuit includes
a number N of second AC/DC conversion circuits, where N
1s an integer greater than or equal to 2; an output side of each
of the N first AC/DC conversion circuits 1s electrically
connected 1n parallel with an output side of a corresponding
second AC/DC conversion circuit of the N second AC/DC
conversion circuits through a DC bus-bar to form N sets of
redundant backup circuits.

According to another aspect of the present disclosure,
there 1s provided a DC power supply method, applied to the
DC power supply system according to the first aspect of the
present disclosure, the method including: detecting a DC

current on the DC bus-bar, and controlling the DC current
based on output powers of the first power supply circuit and
the second power supply circuit.

It should be noted that the above general description and
the following detailed description are merely exemplary and
explanatory and should not be construed as limitation on the
present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
the specification and constitute a part of the specification,
show embodiments 1n accordance with the present disclo-
sure, and explain the principles of the present disclosure
along with the specification. It 1s apparent that the drawings
in the following description show only some of the embodi-
ments of the present disclosure, and other drawings may be
obtained by those skilled 1n the art according to these
drawings without creative eflort.

FIG. 1 shows a schematic diagram of a traditional DC
power supply scheme 1n the prior art;

FIG. 2 shows a schematic diagram of a DC power supply
scheme using a phase shifting transformer that known to the
inventor:

FIG. 3 shows a schematic diagram of a power supply
circuit in an embodiment of the present disclosure:

FIG. 4 shows a schematic diagram of a DC power supply
system 1n an embodiment of the present disclosure;

FIG. 5 shows a schematic diagram of a DC power supply
system 1n another embodiment of the present disclosure;

FIG. 6 shows a schematic diagram of a DC power supply
system 1n still another embodiment of the present disclosure;

FIG. 7 shows a schematic diagram of a DC power supply
system 1n still another embodiment of the present disclosure;

FIG. 8 shows a schematic diagram of a DC power supply
system 1n still another embodiment of the present disclosure;

FIG. 9 shows a schematic diagram of a DC power supply
system 1n still another embodiment of the present disclosure;

FIG. 10 shows a schematic diagram of a DC power supply
system 1n still another embodiment of the present disclosure;
and
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FIG. 11 shows a schematic diagram of a DC power supply
system 1n still another embodiment of the present disclosure.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings. However, the
exemplary embodiments can be embodied 1 a variety of
forms and should not be construed as being limited to the
embodiments set forth herein. Instead, these embodiments
are provided so that the present disclosure will be compre-
hensive and complete, and the i1dea of the exemplary
embodiments will be fully communicated to those skilled 1n
the art. The same reference numerals 1n the drawings denote
the same or similar structures, and thus the detailed descrip-
tion thereot will be omitted.

Although the relative terms such as “above” and “below”
are used 1n the specification to describe the relative rela-
tionship of one component with respect to another shown in
the drawings, these terms are used 1n this specification for
convenience only, for example, according to the exemplary
direction in the accompanying drawings. It will be under-
stood that if the device shown in the drawings 1s tlipped
upside down, the component described as “above” will
become the “below” component. When one structure i1s
“above” another, 1t may indicate that the structure 1s inte-
grally formed on the other structure, the structure 1is
“directly” disposed on the other structure, or the structure 1s
“indirectly” disposed on the other structure through another
structure.

The terms of “a”, “an”, “the”. “said” and “at least one™ are
used to indicate the existence of one or more elements,
components, etc.; the terms of “including” and “having” are
used to indicate an inclusive meaning and 1ndicate that there
may be additional elements, components, etc. 1n addition to
the listed elements, components, etc.; the terms of “first”,
“second”, and “third” etc. are used merely as marks, but not
as any limitation on the number of objects.

To solve the above technical problem, a DC power supply
system 1s provided in the exemplary embodiment to imple-
ment redundant power supply to the load.

A DC power supply system in the embodiment of the
present disclosure includes a first power supply circuit and
a second power supply circuit. At least one of the first power
supply circuit and the second power supply circuit includes
a phase shifting transformer. The first power supply circuit
includes a number N of first AC/DC conversion circuits, and
the second power supply circuit includes a number N of
second AC/DC conversion circuits, where N 1s an integer
greater than or equal to 2. Each of the output sides of the N
first AC/DC conversion circuits 1s electrically connected 1n
parallel with a corresponding one of the output sides of the
N second AC/DC conversion circuits through a DC busbar
so as to form N sets of redundant backup circuits.

As such, when the power grid supplying power to the first
power supply circuit fails or the phase shifting transformer
of the first power supply circuit 1s under repair, the output
sides of the second AC/DC conversion circuits of the second
power supply circuit can provide power through the DC
busbar in replacement of the first power supply circuit,
thereby achieving redundant power supply to the load.

In the embodiment of the present disclosure, the first
AC/DC conversion circuit and the second AC/DC conver-
s1on circuit may each include a plurality of AC/DC conver-

sion units electrically connected 1n parallel on the output
side. As shown 1n FIG. 3, the first AC/DC conversion circuit
320 may include an AC/DC conversion unit 321, an AC/DC
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conversion unit 322, and an AC/DC conversion unit 323.
The second AC/DC conversion circuit 330 may include an
AC/DC conversion unit 331, an AC/DC conversion unit 332,
and an AC/DC conversion umt 333. Each of the AC/DC
conversion units 1s electrically connected to the phase shift-
ing transiformer 310. However, in practical applications, the
number of AC/DC conversion umts in the first AC/DC
conversion circuit or the second AC/DC conversion circuit
1s not limited thereto.

As shown in FIGS. 4 t0 9, the input sides of the first power
supply circuit 411 and the second power supply circuit 412
are electrically connected to two separate AC power sources,
respectively. Herein, the AC power source may be a power
orid or an electric generator that provides 10 KV AC power.

In an embodiment of the present disclosure, each load
includes a first power conversion device and a second power
conversion device. As shown in FIG. 4, the first power
conversion device and the second power conversion device
respectively include a plurality of Power Supply Units
(PSUs) which are electrically connected in parallel, and
supply power to the load 405 simultaneously.

In the embodiment of the present disclosure, 1n each load,
the output sides of the first power conversion device and the
second power conversion device are electrically connected
in parallel to provide redundant backup power for the load.

In an embodiment of the present disclosure, N 1s an even
number. The DC power supply system includes N sets of
redundant backup circuits configured to supply power to a
number N/2 of loads, and every two of the N sets of
redundant backup circuits as a unit are electrically connected
to one corresponding load. In one set of the redundant
backup circuits of each unit, the output side of the first
AC/DC conversion circuit and the output side of the second
AC/DC conversion circuit are both electrically connected to
an 1put side of the first power conversion device of a
corresponding load; in the other set of the redundant backup
circuits of the unit, the output side of the first AC/DC
conversion circuit and the output side of the second AC/DC
conversion circuit are both electrically connected to an input
side of the second power conversion device of the corre-
sponding load.

As shown 1 FIG. 4, assuming N=2, the output sides of
two first AC/DC conversion circuits 413 and the output sides
of two second AC/DC conversion circuits 414 are electri-
cally connected 1n parallel 1n one-to-one correspondence
through the DC buses to form two sets of redundant backup
circuits which supply power to the load 405.

As shown 1n FIG. §, assuming N=4, the DC power supply
system 1s configured to supply power to two loads, that 1s,
the load 505 and the load 506. Each of the first power supply
circuit 411 and the second power supply circuit 412 includes
a phase shifting transformer 401. The first power supply
circuit 411 includes four first AC/DC conversion circuits,
that 1s, the rectifier systems Al to A4. The second power
supply circuit 412 includes four second AC/DC conversion
circuits, that 1s, rectifier systems B1 to B4. The output sides
of the four first AC/DC conversion circuits are electrically
connected 1n parallel with the output sides of the four second
AC/DC conversion circuits in one-to-one correspondence to
form four sets of redundant backup circuits. Every two of the
four sets of redundant backup circuits as a unit are electri-
cally connected to each of the two loads in one-to-one
correspondence.

In the embodiment of the present disclosure, the rectifier
system Al and the rectifier system B1 electrically connected
at the output sides form one set of redundant backup circuits,
and the rectifier system A2 and the rectifier system B2
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clectrically connected at the output sides form another set of
redundant backup circuits. These two sets of redundant
backup circuits as a unit are electrically connected to the
load 505. The rectification and voltage regulation system A3
and the rectification and voltage regulation system B3
clectrically connected at the output sides form one set of
redundant backup circuits, and the rectifier system A4 and
the rectifier system B4 electrically connected at the output
sides form another set of redundant backup circuits. These
two sets of redundant backup circuits as a unit are electri-
cally connected to the load 506.

As shown 1n FIG. 6, assuming N=2n, where n 1s an integer
greater than or equal to 1. The first power supply circuit 411
includes a number 2n of first AC/DC conversion circuits,
that 1s, rectifier systems Al to A2n, and the second power
supply circuit 412 includes a number 2n of second AC/DC
conversion circuits, that 1s, rectifier systems Bl to B2#. The
output sides of the 2n first AC/DC conversion circuits are
clectrically connected in parallel with the output sides of the
2n second AC/DC conversion circuits in the one-to-one
correspondence through the DC buses to form 2n sets of
redundant backup circuits to supply power to the n loads.

The rectifier system Al and the rectifier system Bl
clectrically connected at output sides form one set of redun-
dant backup circuits, and the rectifier system A2 and the
rectifier system B2 electrically connected at output sides
form another set of redundant backup circuits. These two
sets of redundant backup circuits as a unit are electrically
connected to the load 6035. The rectifier system A2r-1 and
the rectifier system B2r-1 electrically connected at output
sides form one set of redundant backup circuits, and the
rectifier system A2 and the rectifier system B2# electrically
connected at output sides form another set of redundant
backup circuits. These two sets of redundant backup circuits
as a unit are electrically connected to the load 606.

In an embodiment of the present disclosure, the DC power
supply system can also be configured to supply power to N
loads, and the N sets of redundant backup circuits are
clectrically connected to the N loads in the one-to-one
correspondence. In each set of the redundant backup cir-
cuits, the output side of the first AC/DC conversion circuit
and the output side of the second AC/DC conversion circuit
are electrically connected 1n parallel and then electrically
connected to both the 1nput sides of the first power conver-
sion device and the input side of the second power conver-
sion device of the corresponding load.

As shown 1 FIG. 7, assuming N=2, the first power supply
circuit 411 includes two first AC/DC conversion circuits,
that 1s, the rectifier systems Al and A2, and the second
power supply circuit 412 includes two second AC/DC
conversion circuits, that 1s, the rectifier systems B1 and B2.
The output sides of the two first AC/DC conversion circuits
and the output sides of the two second AC/DC conversion
circuits are electrically connected 1n parallel 1n the one-to-
one correspondence through the DC buses to form two sets
of redundant backup circuits which supply power to two
loads, respectively.

The rectifier system Al and the rectifier system Bl
clectrically connected at output sides form one set of redun-
dant backup circuits and are electrically connected to both
the first power conversion device and the second power
conversion device of a load 705. The rectifier system A2 and
the rectifier system B2 electrically connected at output sides
form the other set of redundant backup circuits and are
clectrically connected to both the first power conversion
device and the second power conversion device of a load

706.
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As shown 1n FIG. 8, assuming N=3, the first power supply
circuit 411 includes three first AC/DC conversion circuits,
that 1s, the rectifier systems Al to A3, and the second power
supply circuit 412 includes three second AC/DC conversion
circuits, that 1s, the rectifier systems B1 to B3. The output
sides of the three first AC/DC conversion circuits and the

output sides of the three second AC/DC conversion circuits
are electrically connected in parallel in the one-to-one
correspondence through the DC buses to form three sets of
redundant backup circuits which supply power to three loads
respectively.

The rectifier system Al and the rectifier system Bl
clectrically connected at the output sides, as one set of
redundant backup circuits, are electrically connected to both
the first power conversion device and the second power
conversion device of a load 805. The rectifier system A2 and
the rectifier system B2 electrically connected at the output
sides, as another set of redundant backup circuits, are
clectrically connected to both the first power conversion
device and the second power conversion device of a load
806. The rectifier system A3 and the rectifier system B3
clectrically connected at the output sides, as another set of
redundant backup circuits, are electrically connected to both
the first power conversion device and the second power
conversion device of a load 807.

As shown 1n FIG. 9, assuming N=n, the first power supply
circuit 411 includes a number n of first AC/DC conversion
circuits, that is, the rectifier systems Al to An, and the
second power supply circuit 412 includes a number n of
second AC/DC conversion circuits, that i1s, the rectifier
systems B1 to Bn. The output sides of the n first AC/DC
conversion circuits and the output sides of the n second
AC/DC conversion circuits are electrically connected in
parallel 1n the one-to-one correspondence through the DC
buses to form n sets of redundant backup circuits which
supply power to the n loads.

The rectifier system Al and the rectifier system Bl
clectrically connected at the output sides, as one set of the
redundant backup circuits, are electrically connected to both
the first power conversion device and the second power
conversion device of the load 905. The rectifier system An
and the rectifier system Bn electrically connected at the
output sides, as another set of the redundant backup circuits,
are electrically connected to both the first power conversion
device and the second power conversion device of the load
906.

In the embodiment of the present disclosure, voltages on
the output sides of the first AC/DC conversion circuit and the
second AC/DC conversion circuit both can be 270V or
380V.

In each set of the redundant backup circuits, the output
sides of the first AC/DC conversion circuit and the second
AC/DC conversion circuit are also electrically connected in
parallel with a DC energy storage device, such as battery A
and battery B shown in FIG. 4. The DC energy storage
device can store electrical energy, or can discharge when the
phase shifting transformer of the DC power supply system
1s under repair or the power grid fails, that 1s, to provide
redundant backup power for the load.

In an embodiment of the present disclosure, one or both
of the first power supply circuit and the second power supply
circuit may be a medium voltage direct-conversion DC
power supply system using a phase shifting transformer.
One of the first power supply circuit and the second power
supply circuit may be a conventional DC power supply
system using a conventional transformer.
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As shown 1n FIG. 10 and FIG. 11, the first power supply
circuit employs a phase shifting transformer 101, and the

second power supply circuit employs a conventional trans-
former 201.

The connection of the first AC/DC conversion circuits and
the second AC/DC conversion circuits of the DC power
supply system as shown 1n FIG. 10 1s the same as that shown
in FIG. 6, so 1t will not be repeated here.

The connection of the first AC/DC conversion circuits and
the second AC/DC conversion circuits of the DC power
supply system as shown 1n FIG. 11 1s the same as that shown
in FIG. 9, so 1t will not be repeated here.

The first power supply circuit includes a phase shifting
transformer, and a secondary side of the phase shifting
transformer may include a set of phase shifting windings.
The input side of each of the first AC/DC conversion circuits
1s electrically connected to the set of phase shift windings.
The secondary side of the phase shifting transformer may
also include n sets of phase shifting windings. The input side
of each of the first AC/DC conversion circuits 1s electrically
connected to a corresponding set of the n sets of the phase
shift windings.

In an embodiment of the present disclosure, one set of
phase shifting windings may include 18 windings, but in
practical applications, the number of windings in one set of
phase shifting windings 1s not limited thereto.

In an embodiment of the present disclosure, there 1s also
provided a control method for the DC power supply system
in the above technical solution. The control method
includes: detecting a DC current of the DC busbar, and
controlling the DC current based on output powers of the
first power supply circuit and the second power supply
circuit.

In this way, wen the power grid supplying power to the
first power supply circuit fails, or the phase shifting trans-
former of the first power supply circuit 1s under repair, a
change of the DC current of the DC busbar, that 1s, a change
of output currents of the first power supply circuit and the
second power supply circuit, can be detected, and thus the
DC current can be controlled based on the change of the
output currents of the first power supply circuit and the
second power supply circuit, so that the second AC/D
conversion circuit of the second power supply circuit can
provide power through the DC busbar 1n replacement of the
first power supply circuit, thereby achieving redundant
power supply to the load.

In the DC power supply system and control method in the
embodiments of the present disclosure, the redundant
backup circuit 1s formed by electrically connecting the
output sides of at least two AC/DC conversion circuits of the
first power supply circuit and the output sides of at least two
AC/DC conversion circuits of the second power supply
circuit through the busbar, so that the power supply to the
load 1s normally supplied during the repair of the phase
shifting transformer or the failure of part of the grid, which
achieves a redundant design of the power supply to the load
and the stable operation of the DC power supply system.

It 1s easy for those skilled in the art to think of other
embodiments of the present disclosure after considering the
description and practicing the present disclosure disclosed
herein. The present application 1s intended to cover any
variation, use, or adaptation of the present disclosure, which
tollows general principles of the present disclosure and
includes common knowledge or conventional technical
measures 1n the art that are not disclosed in the present
disclosure. The description and the embodiments are con-
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sidered as being illustrative only, and the true scope and
spirit of the present disclosure 1s indicated by the appended
claims.

What 1s claimed 1s:

1. A DC power supply system, comprising:

a first power supply circuit and a second power supply
circuit, at least one of the first power supply circuit and
the second power supply circuit comprising a phase
shifting transformer;

wherein the first power supply circuit comprises a number
N of first AC/DC conversion circuits, and the second
power supply circuit comprises a number N of second
AC/DC conversion circuits, where N 1s an integer
greater than or equal to 2; and

an output side of each of the N first AC/DC conversion
circuits 1s electrically connected in parallel with an
output side of a corresponding second AC/DC conver-
sion circuit of the N second AC/DC conversion circuits
through a DC busbar to form N sets of redundant
backup circuits,

wherein the first power supply circuit comprises the phase

shifting transformer, a secondary side of the phase

shifting transformer comprises N sets of phase shifting
windings, and an mput side of each of the first AC/DC
conversion circuits 1s electrically connected to a cor-
responding set of the N sets of phase shifting windings.

2. The DC power supply system according to claim 1,
wherein mput sides of the first power supply circuit and the
second power supply circuit are electrically connected to
two separate AC power sources, respectively.

3. The DC power supply system according to claim 1,
wherein the DC power supply system 1s configured to supply
power to N loads, each of the N sets of redundant backup
circuits 1s electrically connected to a corresponding load of
the N loads, and each of the N loads comprises a first power
conversion device and a second power conversion device;
and

wherein, 1n each set of redundant backup circuits, the

output sides of the first AC/DC conversion circuit and
the second AC/DC conversion circuit are electrically
connected to both an mput side of the first power
conversion device and an input side of the second
power conversion device of a corresponding load of the
N loads.

4. The DC power supply system according to claim 1,
wherein the N 1s an even number, the DC power supply
system 1s configured to supply power to N/2 loads, every
two of the N sets of redundant backup circuits as a unit are
clectrically connected to a corresponding load of the N/2
loads, and each of the loads comprises a first power con-
version device and a second power conversion device;

wherein, 1n one set of the redundant backup circuits of the

unit, the output side of the first AC/DC conversion
circuit and the output side of the second AC/DC
conversion circuit are both electrically connected to an
input side of the first power conversion device of a
corresponding load; i1n the other set of the redundant
backup circuits of the unit, the output side of the first
AC/DC conversion circuit and the output side of the
second AC/DC conversion circuit are both electrically
connected to an mput side of the second power con-
version device of the corresponding load.

5. The DC power supply system according to claim 3,
wherein the first AC/DC conversion circuit and the second
AC/DC conversion circuit both comprise a plurality of
AC/DC conversion units which are electrically connected in
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parallel on output sides, and each of the AC/DC conversion
units 1s electrically connected to the phase shifting trans-
former.

6. The DC power supply system according to claim 4,
wherein the first AC/DC conversion circuit and the second
AC/DC conversion circuit both comprise a plurality of
AC/DC conversion units which are electrically connected in
parallel on output sides, and each of the AC/DC conversion
units 1s electrically connected to the phase shifting trans-
former.

7. The DC power supply system according to claim 1,
wherein voltages on the output sides of the first AC/DC
conversion circuit and the second AC/DC conversion circuit
are both 270V or both 380V.

8. The DC power supply system according to claim 3,
wherein 1n each set of the redundant backup circuits, the
output sides of the first AC/DC conversion circuit and the
second AC/DC conversion circuit are further electrically
connected 1n parallel with a DC energy storage device.

9. The DC power supply system according to claim 4,
wherein 1n each set of the redundant backup circuits, the
output sides of the first AC/DC conversion circuit and the
second AC/DC conversion circuit are further electrically
connected 1n parallel with a DC energy storage device.

10. The DC power supply system according to claim 1,
wherein each set of the phase shifting windings comprises
18 windings.

11. The DC power supply system according to claim 3,
wherein 1 each of the N loads, the output sides of the first
power conversion device and the second power conversion
device are electrically connected 1n parallel.
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12. The DC power supply system according to claim 4,
wherein 1n each of the N/2 loads, the output sides of the first
power conversion device and the second power conversion
device are electrically connected 1n parallel.

13. A control method for a DC power supply system,
wherein the DC power supply system comprising a first
power supply circuit and a second power supply circuit, at
least one of the first power supply circuit and the second
power supply circuit comprising a phase shifting trans-
former, wherein the first power supply circuit comprises a
number N of first AC/DC conversion circuits, and the second
power supply circuit comprises a number N of second
AC/DC conversion circuits, where N 1s an integer greater
than or equal to 2, and an output side of each of the N first
AC/DC conversion circuits 1s electrically connected 1n par-
allel with an output side of a corresponding second AC/DC
conversion circuit of the N second AC/DC conversion
circuits through a DC bus-bar to form N sets of redundant
backup circuits, wherein the first power supply circuit com-
prises the phase shifting transformer, a secondary side of the
phase shifting transformer comprises N sets of phase shift-
ing windings, and an input side of each of the first AC/DC
conversion circuits 1s electrically connected to a correspond-
ing set of the N sets of phase shifting windings, the method
comprising;

detecting a DC current of the DC busbar; and

controlling the DC current based on output powers of the

first power supply circuit and the second power supply
circuit.
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